1. Introduction Hydroxyapatite (HAp: Ca10 (PO4)6(OH)2) with hex agonal crystal structure has been used as a material to make artificial bones and roofs of teeth because of excellent biocompatibility. HAp powder can also be applied as an ad sorbent for biopolymers such as proteins and nucleic acids in packing materials for high-performance liquid chro matography since the proteins are easily adsorbed on HAp crystals because of high bioaffinity and desorbed without denaturation using phosphate eluents.1), 2)
As is well known, the surface active sites of hexagonal HAp for adsorption are classified into two groups: 3) One is a positively charged site (C-site) which consists of two Ca2+ ions located on a rectangle 0.942nm in length along the aaxis and 0.344nm in length along the c-axis. The C-site is the position of the hydroxyl group on the a-face of HAp. The other is a negatively charged site (P-site) which is coor dinated with six O2-ions belonging to three PO43-ions and forming a hexagonal double-triangular array. The P-site is the position of the Ca2+ site on the c-face on HAp. The fine surface structure and surface distribution of the C-and Psites may possibly be influenced by the starting materials and preparation conditions of HAp which, as a result, should contribute to the selective adsorption of proteins on each of the sites.
Acidic proteins with isoelectric points (E0)<pH7.0 and basic proteins with E0>pH 7.0 are selectively adsorbed on the C-sites and P-sites, respectively. 3) Accordingly , bovine serum albumin (BSA) having E0=pH 4 .2-4.8, which is an acidic one-chain protein, 4) and lysozyme from egg white (LSZ) having E0=pH 10.0-11.0, which is a basic one-chain protein, 5) are adsorbed on the C-and P-sites, respectively. 3) Grant and Dehl, 6) Arai and Norde, 7) Bowen and Hughe and Kandori et al. 9) demonstrated that the adsorption of BSA or LSZ on medical polymer materials such as polyethy lene, polystyrene and SiO2 films satisfied Langmuir's equa tion, The saturated amounts were evaluated to be 1-5mg m-2 and the form of adsorbed molecule was interpreted to be a side-on form of BSA or LSZ.
In our previous papers, 10), 11) quantitative relationships be tween the adsorption behavior of BSA and the crystal sur face characteristics of two HAp powders, which were pre pared by wet syntheses using cattle bones (r-HAp) or rea gents (s-HAp) and heated at 673-1073K, were investigat ed in detail. The saturated amount and heat of BSA adsorp tion linearly increased and decreased, respectively, with in creasing crystallite size of HAp. The straight lines obtained gave different slopes for the r-HAp and s-HAp samples.
The increase in the crystallite size due to heat treatment of the HAp powders might affect the occurrence of the Cand P-sites on the crystal surface, which is responsible for the variation in the acid or basic strength of adsorption sites, together with a change in the morphology of HAp crystallite particles. The surface proportions of the C-and P-sites on the HAp's can be evaluated from the ratios of the saturated amounts of BSA and LSZ. The chemical nature of the two sites may effectively be compared in terms of the heats of adsorption for BSA and LSZ as a function of the 3. Results and discussion 3.1 Apparent surface characteristics of HAp crystals by heat treatment Figure 1 shows the typical XRD patterns of the HAp pow ders which were heated at 1073-1473K for 24h in a stream of water vapor. The lattice parameters (a=0.942nm and c=0.688nm) of the samples were in good agreement with those of the JCPDS (9-432) card.
Evaluating the surface characteristics, the crystallite sizes of the s-HAp (H2O) powders were calculated by two different methods, Scherrer's equation (designated as CS,S) and Warren and Aberwach's analytical method (designated as CS ,WA), and the results are shown in Fig. 2 Figure 6 shows typical examples of the adsorption isotherms for BSA on s-HAp (H2O). The amount of adsorp tion (Aw) relative to the weight of HAp increased monoton ically with increasing equilibrium concentration (CE) of BSA. Similar adsorption isotherms of BSA or LSZ were ob tained for all the samples. The good linear correlations ob tained in the (CE/Aw versus CE) plots clearly indicated that the adsorptions of the two proteins adsorption can obey the Langmuir equation in all s-HAp powders. Using this equa tion, the saturated amounts of adsorption (Asw(B)) for BSA and (Asw(L)) for LSZ relative to the weight of HAp can be calculated, and typical examples of the results obtained are shown in Fig.7 as a function of the heating tem peratures. Asw (B) and Asw (L) decreased with rising heat treatment temperature because of the reduction in the specific surface area. BSA adsorption, the efficient surface area occupied by one molecule is about 1.5 times larger than that for end-on ad sorption, but LSZ shows no appreciable change regardless of the adsorption orientation of the molecule. Accordingly, different apparent total surface areas calculated from the amount of protein adsorption (STS in the case of only side on forms or STE in the case of only end-on forms) can be ob tained by substituting Eqs. (1), (3)- (6) for Eq. (2), de pending on the adsorption forms. Figure 9 shows the ratios of the total efficient surface areas evaluated from the molecular sizes of the proteins to the total surface areas calculated from the pore size distribu tion of the s-HAp. The ratios of ST to the specific surface areas calculated from the pore volumes (designated as and 48% higher than those of s-HAp (673K). However, both Rs,L and RE,L are less than one in the range of 673-1073K (region I). The LSZ molecules on HAp can be ad sorbed in any adsorption forms. Accordingly, the adsorption of LSZ on HAp will not be influenced as much as that of BSA by the heat treatment of s-HAp powder in region I, because LSZ has a smaller anisotropy of molecular size compared to the pore sizes. tion of the heating temperature of s-HAp (H2O). QL became 10-30% higher than QB at 673-1073K (region I). Accord ing to the experimental results reported by Okuyama et al. 16) and Honda et al., 17) provided that BSA and LSZ pro teins are separated using a column packed with HAp pow der in phosphate buffer solutions by the linear gradient method, LSZ always has longer elution time than BSA in the liquid chromatograms. In addition, the separation peak of LSZ is much sharper and higher than that of BSA. These ders heated in region I, the acid strength of the P-sites for adsorbing LSZ molecules is stronger than the basic strength of the C-sites for adsorbing BSA molecules.
As seen in Fig.  10 Moreover, in region ‡U (1073-1473K), the significant
